Seeding
ranges for the improvement of forage values is now a recognized practice.
Depleted ranges and abandoned farmlands in the ponderosa pine zone of Colorado can be successfully seeded (Hull and Johnson, 1955) . The kind of grass to plant, when, where, and how, have been determined through research, but comparable information on how to graze seeded ranges is scarce. Proper grazing use of established stands is essential to good management.
The Rocky Mountain Forest and Range Experiment Station conducted a study to determine the proper degrees of grazing use on some of the more important grasses used in seeding.
The study was made from 1946 to 1956 at the Manitou Experimental Forest, 28 miles northwest of Colorado Springs, Colorado.
Seeded Ranges
Seeded ranges consisting of four separate grasses and one mixture were established on abandoned fields. Crested wheat-grass (Agropyron cristatum), smooth brome (Bromus inermis) and a mixture consisting of two parts crested wheatgrass, two parts smooth brome, and one part yellow sweetclover (Melilotus officinalis) were planted in the spring of 1946. Intermediate wheatgrass (Agropyron intermedium) was planted in the spring of 1948. Russian wildrye (Elymus junceus) was planted in the spring of 1949. All seedings were given two complete growing seasons to become established before the grazing treatments were applied.
The study consisted of two blocks of experimental paddocks or units. In each block each species and the mixture were planted in a lo-acre area. The 10 acres were subdivided into one 5-acre unit for moderate stocking, one 3-acre unit for light stocking, and one 2-acre unit for heavy stocking.
Grazing Procedure
Grasses were grazed to certain stubble heights to represent the different grazing intensities. For all ranges except those seeded to Russian wildrye, these stubble heights were established as 2 inches to represent heavy grazing, 4 inches for moderate grazing, and 6 inches for' light grazing.
Corresponding stubble I heights for the shorter Russian wildrye were 1% inches, 3 inches, and 4% inches. Growth rate exceeded the rate of utilization, so that at the peak of growth leaf heights were usually well in excess of the prescribed stubble heights.
Stubble height measurements were converted to percent-volume utilization by height-weight tables (Lommasson and Jensen, 1943) .
Following
these guides, grazing ordinarily commenced in late April or early May, and continued through to the end of October.
In years of low yields, however, cattle were removed somewhat earlier or intermittently as the desired stubble heights were reached.
Four yearling Hereford heifers were assigned at random to each lo-acre area. They were divided into two groups of two animals and rotated at weekly intervals in such a manner that two animals were always on the moderate-use unit. Grazing on the light-and heavy-use units was on a "week-on, week-off" rotation.
Whenever possible, heifers were placed on the seeded range when leaf height in the lightlygrazed units averaged 4 inches. This was sometimes delayed because of spring snow storms. They were left on the experimental areas, following the prescribed rotation, until the desired utilization was obtained. If sufficient regrowth occurred after the heifers were removed, they were again put on the range and the areas were regrazed.
Response of the grasses to grazing intensity was measured in terms of herbage production and vigor. These were measured each year.
The prescribed stubble heights were obtained within reasonable limits of variation. Average stubble heights at the end of the grazing period seldom varied more than 0.2 inch from the prescribed amount, except on the areas grazed to a 6-inch stubble height. Here the maximum average variation for any grass and any year was 1 inch. In most cases the deviation was within 0.5 inch of the 6-inch height.
.
Utilization
Utilization, when expressed as percentage of weight removed, varied greatly from year to year (Table 1) . This was to be expected since the utilization goals were based on leaving an almost constant volume of the grasses ungrazed regardless of the amount of growth during the year. During years of poor growth, such as 1951, the percentage of herbage removed was very low.
When the grasses made good growth, as in 1949, the percentage of herbage removed was high.
On crested wheatgrass, utilization averaged 67 percent for the 2-inch stubble height treatment, but varied from 45 percent to 84 percent. Average utilization for the 4-inch stubble height units was 46 percent; and for the 6-inch treatment, 31 percent. Variation between years for the 4-and 6-inch treatments was of about the same magnitude as for the 2-inch treatment.
Herbage utilization on smooth brome averaged 61 percent for the a-inch stubble height treatment, 41 percent for the 4-inch stubble height, and 31 percent for the 6-inch stubble height. The variation between years was even greater than on crested wheatgrass.
For example, the percent utilization on the 2-inch stubble height treatments varied from 32 percent in 1951 to 82 percent in 1949. Utilization on the mixture units was similar to that on the smooth brome and crested wheatgrass units. Utilization averaged 65 percent on the 2-inch stubble height, 46 percent on the 4-inch stubble height, and 35 percent on the 6-inch stubble height. Variation in use between years was of about the same magnitude as for crested wheatgrass.
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There was considerable difference in the utilization of crested wheatgrass and smooth brome in the mixture units, especially in the 4-and g-inch stubble height treatments.
Smooth brome was grazed more closely than crested wheatgrass.
Comparative average stubble heights for the two grasses were: For the 2-inch stubble height, percent utilization averaged 63 percent, 47 percent on the 4-inch stubble, and 33 percent on the 6-inch stubble.
Average utilization of Russian wildrye was 41 percent on heavily grazed units, 20 percent on moderately grazed units, and 11 percent on the lightly grazed units.
Because of the shorter type of growth, these rates of use were considerably less than those for other grasses. Variation in use from year to year was also less than for other grasses. because there was less variation in the height growth of the leaves.
Vigor
Plant vigor as reflected in height growth is often used as a measure of the effect of grazing intensity (Short and Woolfolk, 1956) . In this study, leaf height at the start of the grazing period was used as an indication of relative vigor.
On crested wheatgrass grazed to a a-inch stubble height during the last 7 years, the average ini- It is also apparent that the 4-and 6-inch stubble height treatments had no effect on height growth.
The initial heights of leaves showed a definite relation to grazing intensity and indicated that plant vigor was decreased or that initial rates of growth of all species were at least slowed down by the heavier rates of grazing.
Herbage Production
Herbage yields were obtained from plots protected from current grazing by portable exclosures or cages and clipped at maturity, air-dried, and weighed. Regrowth produced in 1953 was also harvested and added to the first clipping to give total production.
Herbage yields of all the grasses varied widely.
After the initial period of establishment, rainfall seems to be the most important single factor in determining herbage yields (Fig. 1) . During the third year after planting, the yield of herbage from all grasses except Russian wildrye reached a peak of production, then stabilized in relation to rainfall. Yields of Russian wildrye continued to increase until the fifth year. However, precipitation also increased during the fourth and fifth years after the low of 9.70 inches in the third year; hence, the difference shown may be a response to increased moisture.
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Grazing Intensify and Herbage Yields
Grazing crested wheatgrass to a 2-inch stubble height had little effect on herbage even after 9 years of use (Table 2) . Under this intensity of grazing, all of the plants in the units were grazed rather uniformly.
During some years, such as 1950, 1951, 1953, 1954, and 1956 , yields were lower, but in other years yields tended to equal or exceed those from areas receiving the other treatments. Grazing use in the 4-and 6-inch stubble height treatments was very spotty. , Some plants were grazed very closely, while others were untouched.
Those plants left ungrazed one year were not grazed the following year because of the accumulation of old growth. This condition was corrected by mowing in early spring to remove the old growth in an attempt to obtain relatively uniform grazing.
In comparison with the 4-and 6-inch grazing treatments, smooth brome began to decline W. M. JOHNSON in yield under the 2-inch treatment in 1952, but the big decrease was first noticeable in 1954. During the rest of the study, yields on areas grazed to a-inch stubble were approximately half the yields on the areas grazed to 4-or 6-inch stubble heights. There was no significant difference between the yield of the areas grazed to the 4-and g-inch stubble heights.
No significant decreases in herbage yield have occurred on the mixture pastures as a result of the grazing treatments. Yields decreased under all intensities of grazing from the high levels that were characteristic of the early years of the study. At the time of establishment the grass stands consisted of almost equal quantities of crested wheatgrass and smooth brome, and in 1950 the yield consisted of 522 pounds per acre of crested wheatgrass and 501 pounds per acre of smooth brome. By 1955, crested wheatgrass was producing 1,183 pounds per acre, as compared with 41 pounds for smooth brome. At this time, the mixture under all intensities of grazing was predominantly crested wheatgrass, and the few plants of smooth brome that remained were very low in vigor (Fig. 2) .
As far as can be determined at the present time, the herbage yield of Russian wildrye has not been affected by any of the prescribed grazing intensities. Fluctuations in yield have occurred as a result of rainfall variation, but are not related to grazing use.
Damaging effects of grazing to a 2-inch stubble height were reflected in herbage yields of intermediate wheatgrass as early as the fourth year of grazing. By 1955, the sixth year of grazing, yields on the 2-inch stubble height treatment were only about one-third as much as on the lighter intensities of use. In 1956 the yield on areas grazed to a 4-inch stubble height were very low, but prior to 1956 they had not been significantly different from yields on the lightly grazed unit.
Sfocking Rafes
An average of 45.6 heifer-days per acre was obtained by grazing crested wheatgrass to a 2-inch stubble for 7 years. However, the fluctuations in use between years was very wide and, as expected, correlated closely with herbage yield.
The least stocking for this degree of use was 19.5 heifer-days per acre in 1954, and the greatest was 63.0 heifer-days per acre in 1949 (Table 3) . Average stocking for the 4-and 6-inch stubble heights was 32.0 and 27.3 heifer-days per acre, respectively.
No definite trends in use as related to grazing intensity are shown by the data on crested wheatgrass. Throughout the study the number of heifer-days of grazing per acre was highest on the 2-inch stubble treatment, moderate on the 4-inch, and least on the 6-inch.
Unlike crested wheatgrass, the animal-months obtained from smooth brome reflect the effect of the different intensities of use. In the beginning, there was a relatively wide difference in stocking between the 2-and 4-FIGURE 2. Original grass in the mixture pastures was half smooth brome and half crested wheatgrass. In 1955, smooth brome was confined to a few scattered plants and crested wheatgrass had taken over the site.
inch treatments.
This difference was gradually reduced until in 1954 the two treatments required about the same stocking to give the required grazing intensities. In 1955, the 4-inch treatment actually produced more animalmonths.
This follows the same trend established for herbage yields.
It further substantiates the conclusion that grazing smooth brome to a 2-inch stubble height is injurious to the plants.
Stocking on the areas seeded to the mixture averaged higher than that of the other seeded areas. The a-inch intensity averaged 47.2 heifer-days per acre; the 4-inch intensity averaged 36.6; and the 6-inch intensity, 30.7. The higher stocking occurred during the early part of the study, while yellow sweetclover was still present and while smooth brome was still an important part of the forage. During the latter part of the study stocking on the mixture remained high, but, was exceeded occasionally by other grasses.
Average stocking of the intermediate wheatgrass areas was 32.3 heifer-days per acre for the 2-inch intensity, 34.3 for the 4-inch intensity, and 29.2 for the 6-inch intensity.
The decrease in stocking on the 2-inch grazing intensity was much more rapid and more pronounced than on smooth brome. During the second year of grazing, the 2-inch units had a lower stocking than the 4-inch units and, by 1955, had only about one-third the stocking of the 4-inch units (Fig. 3) . This rapid and pronounced decrease, and the related decrease in herbage yield, illustrate the extreme susceptibility of this grass to heavy grazing. stubble height has not had any apparent effect on stocking rate.
Cattle Gains
Daily cattle gains, based on average of all intensities of grazing on these seeded ranges, were good but not exceptional.
Average daily gain for crested wheatgrass was 1.70 pounds per head per day (Table 4) On this basis, the mixture produced 59.9
